tomy tube care, and their application has improved the safety of that technique. Forty years on, the principles remain unchanged and it is difficult to add to Brandstater's observations. Arguably, the only important technical advance since then has been the development of servo-controlled heated humidifiers.
Prolonged nasal intubation provided the essential technique that allowed the application of a range of ventilatory strategies, including continuous positive airway pressure, ventilation with positive end expiratory pressure, high frequency oscillation and the safe application of strategies such as prone positioning. It also increased the safety of anaesthesia during prolonged and complex surgical procedures and interhospital transport.
Brandstater and Muallem subsequently studied the effects of tracheal suction on lung mechanics in intubated infants 2 . In an elegant experiment they demonstrated a sharp fall in lung compliance with suction; the effect was greater when suction was prolonged and when the diameter of the suction catheter was large compared with the lumen of the endotracheal tube. The change in lung mechanics persisted if the infant was reconnected to the prior airway pressure or volume and a critical reopening pressure was required to overcome this effect. Atelectasis remained unless a pressure above 25 cmH 2 O was applied. By 1969, Brandstater and Muallem had clearly demonstrated the potentially harmful effects of endotracheal suction and the importance of what we now refer to as "recruitment manoeuvres". Dr Brandstater's two 1960s' publications set out all the important principles of endotracheal intubation in children. They are remarkable documents. Few technical problems are more challenging to the anaesthetist than respiratory failure in the very young. Whatever the cause of failure some form of artificial airway is usually required, and tracheostomy has long been the mainstay. But tracheostomy is no light undertaking in infants, and those who have wrestled with its hazards have often wished for a satisfactory alternative.
Several attempts have been made to employ per-laryngeal intubation of the trachea as a substitute for tracheostomy. In adults the presence of a tube is uncomfortable, and the reported laryngeal complications (Briggs, 1950) have prevented the technique from achieving popularity. But in infants the hazards of tracheostomy are greater and the protests against discomfort are less. In two cases of tetanus neonatorum (Skyes, 1960) flexo-metallic tubes were used in place of tracheostomy; but grave laryngeal complications in both cases led to the technique being discarded.
At the American University Hospital, Beirut, prolonged intubation has been used in infants since 1959. The results have been encouraging, and this report describes the experience gained in the first 12 cases so managed. All had clear indications for tracheostomy. The nature of the cases is summarised below:
Cases 1, 2, 3 : t e tanus neonatorum, treated with curarization and I.P.P.R. Cases 4, 5 : bulbo-spinal poliomyelitis, both aged less than 12 months. : child of 4 years, with obstructive laryngo-tracheitis complicating measles.
Technique
Thin-walled tubes of non-toxic vinyl plastic were used in all cases. In very young infants the oral route was employed, but nasal tubes were preferred in older children who had teeth and were able to bite. In only the two oldest children was general anaesthesia used to facilitate intubation. Tubes were carefully selected with regard to length and diameter; no tube was used that was not easily accommodated within the patient s cricoid ring. Straight 15 mm adaptors of standard American design were used in most cases, and the tubes were fixed in place with adhesive tape. Meticulous attention was given to humidification of inspired air and to tracheobronchial suction. Tubes were changed only if there were signs of obstruction by dried secretions. Intubation was maintained for periods of from 3 days to 7 weeks.
Discussion
In all 12 cases endotracheal intubation succeeded in maintaining a satisfactory airway. Since the technique was used as a substitute for tracheostomy, it is well to review its difficulties and to attempt a comparison. The main questions are: How were the tubes tolerated? What technical problems were encountered? What was the effect of intubation upon the trachea and larynx?
Tolerance to the tubes was unexpectedly good. After an initial period of irritation, even an older child would ignore his tube and show no sign of discomfort. It is believed that rubber is more likely to provoke mucosal irritation than is inert plastic, and rubber tubes were avoided.
There were some technical difficulties, but they were not insuperable. Of first importance in these small tubes was the need to preserve full patency. Effective tracheobronchial suction was perhaps more d i fficult than in tracheostomy cases, due to the longer and more tortuous path along which the suction catheter must pass. But in spite of this, good care of the respiratory passages is a technical challenge that can be easily met in a good respiratory unit with effect humidification, saline irrigations, intelligent postural drainage, and a competent nurse. When such treatment is successful encrustation does not occur, and there is no need to change a tube; some infants in this series retained the same tube for several weeks.
Intubation shares with tracheostomy the difficulty of fixing the tube securely in place. Even a small degree of mobility allowed the tube to either enter a bronchus, or else become dislodged from the larynx. Both of these complications occurred in this series, but were promptly corrected. Different methods for fixing the tubes were tried, but no one method was uniformly successful. In most cases, skill with adhesive t ape was the key to success. W eaning an infant from his tube required care and patience. If a tube was too large for the cricoid ring, its withdrawal was followed by reactionary swelling. The resulting stridor sometimes necessitated the insertion for days of a smaller weaning tube. While a tube is in place the normal laryngeal mechanisms associated with coughing and swallowing are in abeyance, and have to be relearned after the tube s removed. In two cases, pooling secretions made it necessary to perform repeated tracheal suction through a laryngoscope for a short period after extubation.
Did prolonged intubation cause permanent laryngeal damage?
In repeated laryngoscopies performed while managing these patients, the changes observed in the larynx have been minor ones: reddening, slight swelling of the arytenoids, soft tissue moulding around the tube, and sometimes small greyish sloughs at the level of the cricoid. Ulceration of the arytenoids or vocal cords has not been seen. Without doubt an excessively large tube could cause permanent damage from pressure ischaemia. But in this series such damage has not been seen. Of the nine patients who have survived, all regained their laryngeal function soon after removal of the tube. Infants could cough and cry vigorously and in the oldest child the voice, though husky at first, soon sounded normal. Admittedly, voice quality is hard to assess in infants, and is but a crude guide to the state of the larynx. Follow-up laryngoscopies have not been done, and the further passage of time may yet reveal late sequelae that are now unsuspected. But some of these children have been observed for two years, and the conclusion seems reasonable that if there have been laryngeal changes, they have not been alarming ones.
The difficulties cited above should be weighed carefully. Though it has problems, intubation eliminates the need for tracheostomy, which has its own grave sequelae. In addition, intubation has the immense advantage of being easily and quickly performed. The need for assisted ventilation in certain sick infants is being increasingly recognised (Swensson, 1962) . But such assistance is often denied a borderline patient through reluctance to perform a tracheostomy. If intubation proves to be a safe alternative, it may contribute much to the care of the very ill infant by making modern supportive therapy more readily available.
Of some significance was the success of intubation in treating acute laryngeal oedema, both when the cause was trauma, as following bronchoscopy, and when it was infection, as in laryngo-tracheitis. The process is one of mucosal swelling that will quickly subside when the effects of trauma and infection have passed. This series of cases suggests that an endotracheal tube can satisfactorily preserve an airway while the oedema is at its height. If further experience confirms this view, tracheostomy may forfeit its traditional place in the management of laryngeal oedema in infants .
Summary
In 12 patients, ranging in age from newborn to 4 years, endotracheal intubation has been used as a substitute for tracheostomy. Using plastic tubes it was possible to maintain a good airway for periods of up to 7 weeks. Painstaking care was necessary to prevent the tubes becoming blocked or malpositioned. The tubes were tolerated well. Good laryngeal function has been regained by all 9 survivors. If permanent laryngeal changes have occurred, they show no signs of being severe.
It is concluded that many cases customarily managed with tracheostomy can be equally well managed with intubation. Intubation may prove to be the preferred management in some cases of laryngeal oedema.
